Residual effects of manure or compost application can maintain crop yield level for several years after Residual effects of manure or compost application on crop production and soil properties can last for several years. This study was manure or compost application ceases since only a fracconducted to evaluate residual effects of annual or biennial application of the N and other nutrients in manure or compost tions of N-and P-based composted and noncomposted beef cattle become plant available in the first year after application (Bos taurus) feedlot manure, chemical fertilizer, and no-treatment (Motavalli et al., 1989; Eghball et al., 2002). Eghball check on corn (Zea mays L.) production and soil properties. Manure and Power (1999) found that 40% of beef cattle feedlot and compost were applied from 1992 to 1995, and the residual effects manure N and 20% of compost N were plant available were determined from 1997 to 1999. Residual effects of N-and P-based in the first year after application, indicating that about manure and compost applications on corn grain yield and N uptake 60% of manure N and 80% of compost N became plant lasted for at least one growing season while the effects on soil properties were longer lasting. Soil P can contribute to crop P uptake for Ͼ4 available in the succeeding years, assuming little or no yr after N-based manure or compost application had ceased. The loss of N due to NO 3 -N leaching or denitrification. residual effects of manure and compost applications significantly in-Residual effects of organic materials on soil properties creased soil electrical conductivity and pH levels and plant-available can contribute to improvement in soil quality for several P and NO 3 -N concentrations. Four years after the last application, P years after application ceases (Ginting et al., 2003). Inleaching to a soil depth of 45 to 60 cm was observed with N-based creased levels of soil N, P, K, pH, and C levels in the manure or compost application. No residual effects of manure and soil can increase crop yield beyond the application years. compost applications on soil NH 4 -N were observed. Averaged across Soil pH, organic matter, total N, NO 3 -N, and P levels years, soil total C concentrations or quantities were not different among were still elevated 4 yr after dairy manure application the treatments, indicating that total C was not a sensitive indicator. Residual effects of N-or P-based manure or compost application ceased (Mugwira, 1979; Lund and Doss, 1980). Eghball increased crop production for one year and influenced soil properties et al. (2003) found that the increased plant-available for several years.
P level in soil following N-based manure or compost application can contribute to crop P uptake for up to 10 yr without any additional P addition. Ginting et al.
A pplication of manure or composted manure can (2003) did not find increased emission of greenhouse result in increased soil concentrations of nutrients gasses (CO 2 , CH 4 , and N 2 O) as a result of residual maand organic matter (Chang et al., 1991; Eghball, 2002) .
nure and compost applications that ceased 4 yr earlier. The residual effects of increased nutrients and organic Residual effects of manure application have been rematter in soil following manure or compost application ported for studies where excessive rates of manure had on crop yield and soil properties can last for several been applied (Wallingford et al., 1975; Mugwira, 1979 ; years (Mugwira, 1979; Wallingford et al., 1975) . Signifi-Lund and Doss, 1980) . Nitrogen-and P-based manure cant residual effects of dairy manure application rates or compost application provides rates that are agronomthat ranged from 22.5 to 270 Mg dry weight ha Ϫ1 (530ically and environmentally sound. Nitrogen-based ma-6400 kg N ha Ϫ1 ) on crop yield increase were observed nure or compost application can increase soil P levels for the higher 180 and 270 Mg ha Ϫ1 rates. These high (Eghball and Power, 1999) . However, in areas where rates also increased NO 3 -N leaching into the soil in a the risk of P transport in runoff is not a concern, N-based study conducted in Alabama (Mugwira, 1979) . Even the applications can be made. The objective of this study lowest application rate of 22.5 Mg ha Ϫ1 would have was to determine the residual effects of N-and P-based provided nearly twice the N-based requirement for the manure and composted manure application strategies millet (Pennisetum americanum L.) used (Binford et al., on corn production and soil properties. 2000). Four years after application, residual effects of one-time application of beef feedlot manure at rates MATERIALS AND METHODS varying from 123 to 590 Mg dry weight ha Ϫ1 (1280-6140 kg N ha Ϫ1 ) resulted in a quadratic increase in corn grain Manure or Compost Application yield but also in increased leaching of NO 3 -N and Na
The experiment was initiated in 1992 on a Sharpsburg silty to a depth of at least 1 m (Wallingford et al., 1975 ----1 5 1 1 5 1 1 5 1 1 5 1 6 0 4 2 6 2 6 2 6 2 6 1 0 4 Check 0 0 0 0 0 0 0 0 0 0 0 0 0 0 † Numbers in parentheses are kg N ha Ϫ1 applied as NO 3 NH 4 fertilizer. ‡ Phosphorus application rates for annual P-based manure and compost were about 7 kg ha Ϫ1 less than the expected plant P uptake (26 kg ha Ϫ1 ). organic C content of 1.8 g kg Ϫ1 in the top 15 cm before the and stover yield is reported on oven-dry (60ЊC)-weight basis. Plots were harvested on 7 Oct. 1997 and 1998 and on 8 initiation of the experiment in 1992.
Sept. 1999. The experimental design was a randomized complete block Soil samples at depth increments of 0 to 15, 15 to 30, 30 to with four replications. The 10 treatments applied included 45, 45 to 60, and 60 to 90 cm were collected from all plots annual or biennial manure or compost application based on shortly after corn harvest in the autumn. Soil samples were N or P removal by corn (151 kg N ha Ϫ1 and 25.8 kg P ha Ϫ1 air-dried, ground to pass a 1-mm sieve, and analyzed for sefor an expected yield level of 9.4 Mg ha Ϫ1 ) and fertilized and lected soil parameters. Soil pH and electrical conductivity unfertilized checks (Table 1) . Fertilizer was applied in the (EC) were determined on 1:1 soil/water ratio (Smith and spring each year from 1993 to 1996. The inorganic fertilizer Doran, 1996) . Plant and soil total N and C were determined plots received N as NH 4 NO 3 (34-0-0, N-P-K) and P as superby dry combustion as reported by Schepers et al. (1989) . Soil phosphate (0-20-0, N-P-K) in 1993 and diammonium phosbulk density on this site was not significantly influenced by phate (18-20-0, N-P-K) in 1994, 1995, and 1996 . If necessary, the 10 treatments used in the application years (Eghball, 2002) . the P-based treatments (annual or biennial application) were Therefore, soil bulk density from 1996 was used to calculate supplemented with N fertilizer as NH 4 NO 3 in the spring so the total N and C quantities for each plot. Soil NO 3 -N and that a total of 151 kg N ha Ϫ1 was available to the crop (Table 1) .
NH 4 -N concentrations were determined on samples extracted Biennial manure or compost applications were made to proby KCl and using a Lachat system (Zellweger Analytics, Milvide 151 kg N ha Ϫ1 for N-based and 25.8 kg P ha Ϫ1 for P-based waukee, WI). Phosphorus was analyzed by the Bray and Kurtz rates in the second year after application. Nitrogen and P were no. 1 soil P test method. overapplied in the first year of application for the biennial Analysis of variance was used to determine differences manure and compost treatments.
among treatments across years using SAS PROC MIXED Manure or compost was hand-applied to plots 12.2 m long procedure (Littell et al., 1996) . In these analyses, year and and 4.6 m wide (six corn rows) in late autumn after corn soil depth increments were considered repeated observations. harvest. The P application rates in 4 yr of applications are A probability level Յ0.05 was considered significant. given in Table 1 . Manure and compost were applied and incorporated into the top 10 cm soil by disking within 2 d after
RESULTS AND DISCUSSION
application. The experimental area was disked to 10-cm soil depth in the spring before planting. Additional information Biomass and Nitrogen Uptake at Tasseling regarding manure and compost N and P availability assumptions, corn yield, N and P uptake, and soil properties during Plant weight at tasseling in 1997 was significantly greater the application years from 1993 to 1996 is reported in Eghball for the annual P-based manure, N-and P-based comand Power (1999) and Eghball (2002) . post, and commercial fertilizer treatments than those for the check plots (Table 2 ). The biennial manure or Residual Effects compost application did not result in greater biomass than the check plots (Table 2) and annual P-based compost treatments. In 1998 and † N and P indicate applications to meet N or P needs of corn, respectively, 1999, only the fertilizer treatment produced greater and 2y indicates biennial application. Manure and compost were applied amount of stover than the check plots (Table 3 ). The from 1992 to 1995. ‡ In 1999 only, N was applied to the fertilizer treatment only at a rate of fertilizer treatment received N fertilizer in 1999 and was 151 kg ha Ϫ1 .
expected to have greater stover yield than the check § NS ϭ nonsignificant.
treatment. Averaged across treatments, stover/grain
Grain and Stover Yields and yield ratio was 0.67 in 1997, 0.58 in 1998, and 0.60 in Total Nitrogen Uptake 1999. There was damage from corn rootworm (Diabrotica barberi) in 1998, and that might have contributed to Residual effects of annual or biennial N-or P-based reduced grain and stover yields. manure, compost, and fertilizer treatments resulted in Total N uptakes for all treatments were greater than greater grain yield than the check plots in 1997 (Table 3) .
the check plots in 1997 (Table 3 ). By 1998, however, all The biennial treatments had similar plant biomass to the treatments had total N uptake similar to the check plots. check plots at tasseling (Table 2) , but by harvest time,
As expected, the fertilizer treatment resulted in greater manure and compost treatments resulted in greater N uptake than the check plots in 1999 (Table 3) . grain yield than the check treatment (Table 3 ). It seems that N mineralization after tasseling contributed to in-
Soil Properties
creased yield for the biennial applications even though Averaged across treatments, soil surface (0 to 15 cm) the applications were made about 3 yr earlier (Eghball, pH decreased from 1997 to 1999 (Table 4) . Eghball (1999 Eghball ( ) 2000 . By 1998, all treatments, except biennial P-based manure, had grain yields similar to the check plots Year ϫ treatment 0.2456 0.6177 0.4559 0.3078 0.5192 0.2468 † N and P indicate applications to meet N or P needs of corn, respectively, † N and P indicate applications to meet N or P needs of corn, respectively, and 2y indicates biennial application. Manure and compost were applied and 2y indicates biennial application. Manure and compost were applied from 1992 to 1995. from 1992 to 1995. ‡ In 1999 only, N was applied to the fertilizer treatment only at a rate of ‡ Grain yield at 155 g kg Ϫ1 water content. § In 1999 only, N was applied to the fertilizer treatment only at a rate of 151 151 kg ha Ϫ1 . § NS ϭ nonsignificant. kg ha Ϫ1 . from those of the fertilizer or check treatments. Total C and N quantities were not different among treatments, Soil test P levels from 1996 to 1999 in the 0-to 15indicating that total C and N were not sensitive indicaand 15-to 30-cm soil depth increments were reported tors of the C and N pools in this high organic matter
by Eghball et al. (2003) . Soil test P levels in 1999 (Table 7 ) Mollisol beyond the application years. However, Gincan be used to determine P leaching 4 yr after manure ting et al. (2003) showed that 4 yr after applications had ceased, soil potentially mineralizable N and microbial Table 6 . Residual effects of beef cattle manure or composted manure biomass C were greater for manure and compost appliapplication on soil nitrate and ammonium concentrations in eastern Nebraska.
cations than those for the control or inorganic fertilizer treatment. ties were longer lasting than those influencing corn pro- manure and compost applications. By 1999 however, P from N-based manure or compost treatments had leached or compost application had ceased. Soil P levels in 1999 to the 45-to 60-cm soil depth increment. Leached P can were different among treatments in all soil depth inreach the ground water when ground water is close to crements except in the 60-to 90-cm depth increment the soil surface or excess P is in soils with fluctuating (Table 7) . This indicates leaching of P from applied ground water. Both corn production and soil properties manure and compost to the 45-to 60-cm soil depth were improved by the residual values of applied manure increment. Eghball (2003) showed P leaching to the soil or compost. Phosphorus-based application was environdepth increment of 15 to 30 cm in 1996 when manure mentally sound since it provided nutrients for the crop or compost application ceased. By 1999, however, P had while maintaining the soil P level similar to the unleached deeper into the soil. In the 0-to 15-cm soil treated check. Applications of manure and compost not depth increment, the N-based treatments had higher only improved soil properties for several years after soil P levels than the check, fertilizer, and P-based treatapplications had ceased but also provided nutrients and ments (Table 7) . At the 45-to 60-cm soil depth increliming effects for the growing corn. ment, annual N-based manure and compost applications had greater soil P levels than the fertilizer treatment. The biennial N-based compost treatment had higher soil REFERENCES P levels than the fertilizer or check treatments in the contribute to crop P uptake and also can be available 34:2803-2815. for transport by runoff. Eghball et al. (2003) found that to contribute to crop P uptake depends on soil character- Agron. J. 95:1233 Agron. J. 95: -1239 istics. Sharpley (1996) found that the rate of P release could last much longer than 1 yr. That can be significant
